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Hypersonics and other extreme applications rely on components that often require a complex geometry and a 
fully dense, fine-grained and controlled microstructure. The current state-of-the-art processing of these materials 
allow their full densification and fine-grained microstructures, but the shaping capability remains a challenge. 
Near-Net-Shaping Techniques involving the colloidal processing of UHTC powders can afford to render near-
net-shaped pieces, but because of the shape, the sintering needs to be done using pressureless conditions. 
This work will discuss, using zirconium diboride (ZrB2) as a case study, the strategies to enhance the 
pressureless densification of these materials: i) particle packing in the green bodies (by the control of the 
interparticle forces in suspension), ii) sintering profiles and iii) incorporation of sintering aids, and how these 
results compare with the current state-of-the-art processing (hot-pressing).  
 
These strategies have allowed to reach 93% TD without sintering aids at 2100oC and 98%TD with sintering aids 
and optimized sintering profiles. These approaches have been further explored using a range of processing 
techniques such as slip casting, freeze casting and gelcasting (Figure 1), and other materials such as boron 
carbide (B4C) and titanium diboride (TiB2). The promising results open the path to use this approaches in the 





Figure 1. Examples of ZrB2 components prepared by slip casting, freeze casting and gelcasting. 
 
